ABSTRACT
We first investigated which are the main factors associated with GWAS gene discovery 115 for a set of 59 traits (Table S5 in Appendix 1 in Supplemental Information), concluding 116 that population sample size is the main one (P < 2 × 10 -16 ). Publication year was also 117 significant, but with higher P, and was significantly correlated to population size (r = 118 0.15, P = 1.36 × 10 -3 ) as expected, as more recent studies usually have larger sample 119 sizes. The regression of the number of genes found on sample size is rather variable 120 between traits ( Figure S1 and Table S5 in Appendix 1), but on average, suggest that a 121 sample on the order of 53,000 individuals is required to start detecting genes, and that Table S2 . The decline is remarkably consistent across traits, with a 130 two-parameter exponential model fitting best the observations (average R 2 = 0.96; see 131   Table S3 [A]). The trend observed is in accordance with the expectation that genes of 0.48 ± 0.04) (see Figure 1 and Table S3 [A]) probably because the former are less 137 affected by selection.
138
Higher average gene effects were associated with lower allele frequencies for 139 traits excluding skeletal ones (b = 0.49 ± 0.07), whereas this trend was non-significant 140 for skeletal traits (b = 0.07 ± 0.07) (Table S3 [D]). The change in average allele 141 frequency with the number of genes found for each trait was generally positive (Table   142 S3 [E] ), in accordance with the expectation that genes of small effect should be at 143 higher frequencies to be detected. However, the average change was non-significant (b proportions (16.7% and 7.2%, respectively) ( Figure 2 ). Gene effect sizes for most traits (90%) fitted better to a log-normal distribution than to 175 any of the other distributions assessed (beta, exponential, gamma, gaussian, logistic,
176
and uniform), the remaining 10% fitting best to a beta distribution (Table S4) . Thus, we 177 considered henceforth the log-normal distribution to make predictions of the expected 178 distribution of gene effects.
179
Because the change of log-normal distribution parameters as new found genes 
240
Sample size and year of publication are, however, not the only relevant factors 241 to be considered. We also analyzed the effect of using more than one population (or recent study that showed that inferences made on non-European populations using
253
European GWAS data were biased(16).
255

Nature of the variation detected by GWAS
256
Our results indicate that the distribution of gene effects for human traits fits 257 better to a log-normal distribution (Table S4) than to other common used distributions,
258
including the gamma, widely assumed in population genetic studies(17-21). In the field 259 of genetics, the log-normal distribution has been previously suggested by Drosophila
260
DNA polymorphism data(22), and is usually assumed in models and natural processes 261 arising not only in biology(23) but also in very different scientific disciplines(24,25).
262
We have also shown (Figure 1 ) that the average effect size tends to decrease for 263 all traits studied as the number of discovered associated genes increases, supporting the 264 idea that higher-effect mutations were discovered in the first GWAS (with lower Table S3 [F]), it seems that for some traits, such as the five 312 mentioned above (psoriasis, type 2 diabetes, digestive disease, body mass index, and 313 rheumatoid arthritis) the heritability will reach a value far below the familiar one (Table   314 S2).
315
We have made a number of assumptions which could affect the results obtained. (Table S2) , a proportion of the order of those found in the Literature(27).
331
This suggests that the two above sources of bias are not likely to be large, or they 332 compensate to each other, giving support to our conclusions.
333
Our results show that hundreds to thousands of further loci are yet to be to be found. This is also in agreement with the observation that the mean effect size 337 monotonically decreases as more genes are being discovered (Fig. 1) tens of fields including information on the mapped genes as well as the study design.
393
The preprocessing of data is shown schematically in Figure 6 . A glossary of all terms 394 used are summarized in could not be assigned as BETA or OR (e.g. because it was measured in trait units rather 412 than in standardised units), it was marked as non-available (NA).
413
At the PMID level we could also infer, from the genotyping platform 137 traits (Figure 6 ). 
437
To do so, we first defined the following measure of similarity (sim):
where refers to the number of unique genes found to be associated with a 
443
This let us build a similarity matrix with the pairwise similarities between 444 traits. We only considered for clustering those traits sharing a high 445 similarity ( > 0.5), which represented the 98.85 quantile in similarity terms.
446
This let us create graphs with traits acting as vertex, connected by edges between 447 them always than > 0.5 (Figure 7 ).
448
In order to avoid spurious associations, we were very restrictive and only 449 clustered together traits which belonged to graphs where every vertex was 450 connected to more than 50% of the remaining vertex. When this condition was not 451 satisfied, the less connected node (i.e. with less edges) was removed recursively 452 until the above condition was met or the graph was completely disconnected. were also removed. Table S1 shows all traits clustered, along with their effect type.
459
The database after processing and clustering included a total of 11,918 removal of all non-significant factors. As some of the considered factors are likely to be 487 not independent, we also estimated their partial correlation coefficients by the method 488 of Pearson, using the 'ppcor' R package(44).
489
The most significant factor involved in gene discovery was total population 490 sample size (N). We then analyzed, for each trait separately, the relationship between 491 the accumulated number of genes discovered and population sample. the trait "Obesity", which left the "Obesity-related traits" cluster shown in Fig. S2 .
510
SNPs without a measure of the risk allele frequency were also removed in this 511 step.
512
Narrow-sense SNP-specific heritability (ℎ 2 ) was estimated for the genes 513 present in the GWAS Catalog through the calculation of their contribution to the 514 additive variance ( ) by using the classical formula(45): and genetic papers (see Table S2 ). Figure S1 (Number of 821 genes found for different studies depending on the sample size used) and Table S5  822 (Regression estimates for the number of cumulated genes on the sample population size of 823 the GWA studies). 
